The in-plane longitudinal and Hall resistivities, ρ xx and ρ xy , of superconducting NaFe 1−x Co x As (NFCA) single crystals with x = 0.022 and 0.0205 in the mixed state and the normal state were measured to study the electrical transport properties in nearly optimum-doping iron-based superconductors. The resistivities under magnetic fields show thermally activated behavior and a power law magnetic field dependence of activation energy has been obtained. Due to the weak flux pinning, there is no sign reversal of Hall resistivities observed for NFCA with either x = 0.022 or 0.0205. The correlation between longitudinal and Hall resistivities shows that the scaling behavior of |ρ xy | ∝ (ρ xx ) β with the exponent β ≈ 2.0 is in agreement with theoretical predictions for weak-pinning superconductors. Anisotropic upper critical fields and coherence lengths with an anisotropy ratio of γ ≈ 1.63 have been deduced. Furthermore, the normal-state transport properties show that the anomalies of the linear-T resistivity, the T 2 -dependent cotangent of the Hall angle, the linear-T-like Hall number, and the magnetoresistance, which can be scaled by the modified Kohler rule, are analogous to those observed on optimally doped high-T c superconducting cuprates and other pnictides. The longitudinal resistivity can be understood within a widely accepted scenario of the spin density-wave quantum critical point, while the transverse resistivity requires some further explanation. It is suggested that all the transport anomalies should be simultaneously taken into account when developing theory.
Introduction
The superconductivity discovered in iron-based pnictides has attracted considerable interest in recent times [1] [2] [3] .
Being similar to high-T c superconducting (HTS) cuprates, the new iron-based superconductors have rich transport properties both in the mixed state and the normal state. The microscopic origin of anomalous non-Fermi-liquid T-linear resistivity, T-dependent Hall coefficient R H , and the sign change of R H observed both in the normal state and the mixed state remains a subject of debate. To date, mixed-state transport-property studies have shown low anisotropy, weak thermal fluctuation, and relatively weak vortex pinning associated with a small thermally activated energy in these iron-based superconductors [4] [5] [6] [7] [8] . Measurements of the longitudinal and Hall resistivities have been extremely useful in revealing mixed-state vortex dynamics and even the relation between antimagnetism and superconductivity in these novel materials [9] . Among the electrical transport studies on iron-based pnictides, however, few studies [10] [11] [12] [13] [14] have explored the transport properties of the doped NaFeAs system (the so-called Na111 system) because of the difficulty in growing high-quality single crystals and the instability due to high interaction with the environment [13] . It has been reported that doping with Co in NaFeAs, NaFe 1−x Co x As (NFCA), reveals a phase diagram which is matched well to the phase diagram of Ba(Fe 1−x Co x )As 2 [10, 11] , and is expected to be a simplified version of the structures of ReFeAsO (the so-called 1111 system, Re = rare earth) and doped AeFe 2 As 2 (the so-called 122 system, Ae = Ca, Sr, Ba and Eu) pnictides [12] . Thus, examining the nature of electrical transport in NFCA can improve the general understanding of the superconductivity and their normal-state properties. In this work, we study the mixed-state and normal-state transport properties of NFCA single crystals with x = 0.022 and 0.0205. In this paper we show in full detail the electrical transport properties of NFCA, including the mixed-state Hall effect, the scaling behavior, the normal-state Hall angle, and the magnetoresistance in the normal state, which still need to be examined. All the results are discussed within existing theorems and compared with previous findings related to high-T c superconducting cuprates and other pnictides to reveal the fundamental superconducting properties of NFCA.
Experimental details
Single crystals of NFCA with x = 0.022 and 0.0205 were grown by sealing a mixture of Na, Fe, and Co together in Ta tubes and heating at 950 • C, followed by 5 • C h −1 cooling to 900 • C. The crystals were well-formed slabs with c-axis orientation perpendicular to the plane of the crystal slabs, as described previously [13] . The real composition of crystals was identified by an inductively coupled plasma spectrometer and showed a tiny evaporation of Na during the sample growth. For in-plane transport measurements, the samples were cleaved from the inner part of the crystals and cut into dimensions of around 4 × 1.5 × 0.05 mm 3 . Five leads were glued with silver paste and a Hall-measurement geometry was constructed to allow simultaneous measurements of both longitudinal (ρ xx ) and transverse (Hall) resistivities (ρ xy ) using the standard dc four-probe technique. The contact size was miniaturized to be as small as possible (<0.5 mm) to avoid large inaccuracy in resistivity calculation. Hall voltages were taken in opposing fields parallel to the c-axis up to 6 T and at an in-plane current density of ∼30 A cm −2 . All the sample preparations were done quickly in dry inert helium gas to prevent interaction with the environment. 
Results and discussion
Longitudinal and Hall resistivities, ρ xx and ρ xy , in the presence of magnetic fields for NFCA crystals in the mixed state were systematically investigated. Figures 1(a) and (b) respectively show the resistivities, ρ xx and ρ xy , as a function of temperature in magnetic fields for the NFCA crystal with x = 0.022. Figures 2(a) and (b) respectively show ρ xx and ρ xy as a function of temperature in magnetic fields for the NFCA crystal with x = 0.0205. The negative Hall resistivity ρ xy reveals an electron-dominating transport, and gradually becomes zero with decrease in temperature, where the resistivity ρ xy does not go into a sign reversal in the mixed state. The superconducting critical temperatures T c , determined by choosing the point of the 50% zero-field resistive transition, are 22.1 and 20.9 K for NFCA samples with x = 0.022 and 0.0205, respectively. The data of T c and longitudinal resistivity are similar to those previously reported [10] [11] [12] [13] [14] , while the data of mixed-state Hall (transverse) resistivity for NFCA, to the best of our knowledge, are reported for the first time.
In figures 1(a) and 2(a), the longitudinal resistivity shows typical broadening behavior due to thermally activated flux motion, and can be described by [15, 16] 
Here U is the activation energy, which is normally both field-and temperature-dependent, which is an indication of the magnitude of effective pinning energy. Figure 3(a) shows the field-dependent activation energy extracted from (1) via the Arrhenius plots for NFCA with x = 0.022 and 0.205 crystals. As seen, the activation energies for NFCA with x = 0.022 are rather larger than those for NFCA with x = 0.0205. Meanwhile, in NFCA with x = 0.0205, the values of U for fields applied parallel to the ab plane are slightly larger than those for fields applied parallel to the c axis. The values of U for NFCA, ranging from 600 K at magnetic field H = 6 T to 3000 K (H = 0.25 T), are approximately one order of magnitude smaller than those of several 10 4 K for YBa 2 Cu 3 O y (YBCO) [17] , and several times smaller than those of 3000-7000 K for Ba(Fe 1−x Co x )As 2 [18] . The obtained U values for NFCA are slightly larger than those of 100-200 K for Fe(Te, S) single crystals [7] . This indicates a relatively weak vortex pinning in NFCA and Fe(Te, S) systems (the so-called 111 and 11 systems, respectively). The critical current density J c for our samples can be derived (according to the Bean model) from the magnetization hysteresis-loop measurement performed by another research group [10] . Indeed the J c of around 10 4 A cm −2 at 5 K is lower than that of >10 5 A cm −2 for Ba(Fe 1−x Co x )As 2 [18] . This weak vortex pinning may lead to the result that no sign reversal of ρ xy can be observed both in NFCA with x = 0.022 and 0.0205 crystals, as seen in figures 1(b) and 2(b), respectively. It is known that the sign reversal of ρ xy in the mixed state (the so-called anomalous mixed-state Hall effect) of type-II superconductors has been one of the most interesting subjects in the past two decades. Many theoretical or experimental studies have pointed out that a strong vortex pinning can result in an anomalous Hall effect [19] [20] [21] . Apparently the disappearance of anomalous Hall effect observed in the weak-pinning NFCA is consistent with these arguments. It is noted that the Ba(Fe 1−x Co x ) 2 As 2 film with high-density pinning centers does not exhibit any sign reversal of Hall resistivity as recently reported by Sato et al [22] . Their observation is similar to that in an experiment of Budhani et al [23] where a diminishing sign anomaly of the mixed-state Hall resistivity in Tl 2 Ba 2 Ca 2 Cu 3 O 10 films with increasing columnar defects was reported. The phenomenon of diminishing sign anomaly with increasing pinning centers has been commented on by Wang et al [19] who claimed that the effective pinning could be decreased due to a lower condensation energy density even though the number of pinnings is increased, and then the sign anomaly diminishes. In fact, from the ρ xx data of Sato et al we can derive the activation energy and have U(1 T) of around 2300 K for their Ba(Fe 1−x Co x ) 2 As 2 film, which is much lower than those obtained in the Ba(Fe 1−x Co x ) 2 As 2 single crystals [18] . Thus it is not surprising that there is no sign reversal of Hall resistivity observed in the Ba(Fe 1−x Co x ) 2 As 2 film.
It is also found that U at fields ≤5 T can be fitted with an approximate field dependence of U ∝ H −α with α = 0.42 and 0.23 for NFCA with x = 0.022 and 0.0205 crystals, respectively, as shown in figure 3(a), similar to those observed in high-T c superconducting cuprates [17, 24, 25] or other pnictides [7, 8, 18] . Some experimental data show that U is proportional to H −α with α = 0.76-0.88, 0.33-0.50, and 0.44-0.79 for YBCO films [24] , Bi 2 Sr 2 CaCu 2 O 8 [25] , and YBCO/PrBa 2 Cu 3 O y superlattices [17] , respectively. The power law dependence of U with α = 0.5 has been proposed for YBCO crystals within the plastic vortex creep model [26] . Obviously, the activation energy does not scale with the predicted H −1 dependence [27] or the H −0.5 dependence.
Comparable values of α ranging from 0.21 to 0.38 have recently been obtained in Fe(Te, S) [7] , FeSe [8] , and Ba(Fe 1−x Co x )As 2 single crystals [18] , while a much slower field dependence of U with U ∝ H −0.13 has been reported in Ba 0.72 K 0.28 Fe 2 As 2 single crystals [28] . The deviation of α from the value of 0.5 for these single-crystal pnictides could result from the crossover in flux dynamics from elastic to plastic creep as seen in YBCO crystals [26] , or could be attributed to the flux dynamics dominated by single-vortex pinning in the low-field region [29] . Figure 3 (b) shows the upper critical field H c2,c as a function of temperature for NFCA with x = 0.022 and 0.0205 crystals in the magnetic field parallel to the crystal c axis. Moreover, the in-plane upper critical fields H c2,ab (T) for NFCA with x = 0.0205 crystals are also shown in figure 3(b) . Here the upper critical field corresponding to the temperature is derived from the 50% resistive transition. The H c2,c (T) and H c2,ab (T) show linear behavior for the temperatures near T c . Furthermore, the value of the zero-temperature upper critical field, H c2 (0), can be derived using the formula H c2 (0) = 0.693T c |dH c2 (T)/dT| T c [30] where the slope |dH c2 (T)/dT| can be obtained from the linear-fitting in figure 3(b) . The values of H c2,c (0) are 31.2 ± 0.3 and 27.9 ± 0.4 T respectively for NFCA with x = 0.022 and 0.0205 crystals, while H c2,ab (0) = 45.4±0.1 T is achieved for NFCA with x = 0.0205 crystal. Having the values of H c2,c (0) and H c2,ab (0), we can obtain the coherence lengths, ξ ab (0) and ξ c (0), and even derive the anisotropy ratio, γ = ξ ab /ξ c . It is known that the coherence lengths, ξ ab and ξ c , in the anisotropic Ginzburg-Landau theory are related to the upper critical fields, H c2,c and H c2,ab , by the formulas
where 0 = hc/2e is the flux quantum. The values of ξ ab (0) for NFCA with x = 0.022 and 0.0205 are 32.5 ± 0.2 and 34.4 ± 0.3Å, respectively, while ξ c (0) = 21.1 ± 0.3Å is obtained for the NFCA with x = 0.0205. Using (2) and (3), we also have the anisotropy ratio, γ = ξ ab /ξ c = H c2,ab /H c2,c = [38] . The values of anisotropy ratio γ for other iron-based pnictides have been reported to be 2.5-3 for hole-and electron-doped BaFe 2 As 2 [5] , and 4-5 for F-doped NdFeAsO [39, 40] , which are slightly higher than the obtained value for NFCA. An interesting feature in the mixed-state transport properties is the scaling behavior, ρ xy ∝ (ρ xx ) β , which has attracted much attention. Figures 4(a) and (b) demonstrate the plots of log |ρ xy | versus log ρ xx at fixed magnetic fields for NFCA with x = 0.022 and 0.0205, respectively. The data display the power law relationship encompassing a variation in ρ xy of around two orders of magnitude, following the power law relationship with β = 2.13 ± 0.04 and 2.03 ± 0.04 for NFCA with x = 0.022 and 0.0205 crystals, respectively. Many efforts, both theoretical and experimental studies, have been put forward to explore scaling behavior. In experiments, this scaling law was first observed by Luo et al [41] for YBCO films with β = 1.7 ± 0.2 and by Samoilov et al [42] for Bi 2 Sr 2 CaCu 2 O y single crystals with β = 2.0 ± 0.1. The scaling behavior was also found in MgB 2 films [43] , the Ba(Fe 0.9 Co 0.1 )As 2 crystal [18] , and the Fe(Te, S) crystal [7] with β = 2.0 ± 0.1, 2.0 ± 0.2, and 0.9-1.0, respectively. Since then, various β values have been reported; indeed, Hall scaling behavior is a complicated phenomenon, and a number of theories have been proposed to account for it. Dorsey and Fisher [44] demonstrated that the scaling behavior is a consequence of the vortex motion near the glass transition and obtained an appropriate valve of β = 1.7. Vinokur et al [45] considered the effects of flux pinning on Hall resistivities in the thermally assisted flux-flow region and showed that β = 2.0. Wang et al [19] also developed a unified theory for the anomalous Hall effect including both the flux pinning effect and thermal fluctuations. They demonstrated that the scaling exponent β changes from 2 to 1.5 with increased pinning. Here the exponent β ≈ 2.0 for NFCA single crystals is in agreement with the predictions in theories or experiments on superconductors with weaker pinning, and is consistent with the relatively low activation energy as previously observed in mixed-state longitudinal resistivities.
In addition to the mixed-state properties, for the general understanding superconductivity in iron pnictide superconductors, it is of crucial importance to clarify the normal-state charge transport. In this family of Na111, a linear-T resistivity at optimum doping has been observed, giving the scenario of spin density-wave (SDW) quantum critical point (QCP) to describe the normal-state transport properties [10, 14] . It has even been proposed that the SDW QCP is a central organizing principle of organic, iron pnictide, heavy-fermion, and HTS cuprates [9, 46] . Under QCP (i.e. optimum doping), the strongest magnetic spin fluctuation suppresses the SDW order, accompanying the appearance of the highest T c , and results in non-Fermi-liquid-like scattering (linear-T resistivity) associated with Fermi-surface reconstruction. For nearly optimum-doped NFCA with x = 0.022 and 0.0205, the temperature dependences of normal-state longitudinal resistivity, the Hall coefficient, and carrier concentration are shown in figures 5(a), (b), and (c), respectively. A linear-T resistivity for temperatures above T c can be observed both on NFCA with x = 0.022 and 0.0205 as seen in figure 5(a) . It has been suggested that the linear temperature dependence of resistivity may be the usual behavior resulting from electron-phonon interaction for T > θ D /4 [47] , where θ D is the Debye temperature. θ D can be determined by the Debye T 3 approximation of low-temperature lattice specific heat C lattice (T) measurement. Taking account of C lattice (T) ≈ β c T 3 associated with β c = 0.23 mJ mol −1 K −4 reported for NFCA with x = 0.028 [12] , we obtain θ D ≈ 200 K for NFCA. Thus the origin of linear-T resistivity for temperatures below θ D /4 ≈ 50 K due to electron-phonon interaction can be excluded. Therefore the resistivity from 27 K up to 50 K is fitted by a function of the form ρ xx = ρ 0 + AT as shown in figure 5(a) . Recently, the strength of the linear term, measured by the A coefficient, has been found to scale with the superconducting transition temperature T c for Bechgaard salts and Ba(Fe 1−x Co x ) 2 As 2 [48] , in which the values of coefficient A are 0.35 and 0.5 µ cm K −1 for the highest-T c Bechgaard salts and Ba(Fe 1−x Co x ) 2 As 2 , respectively. Here the obtained coefficient A is around 2.2 (11.0) µ cm K −1 for nearly optimum-doped NFCA with x = 0.022 (0.0205), which is a little larger than those for the Bechgaard salts and Ba(Fe 1−x Co x ) 2 As 2 , or the value of 0.6 µ cm K −1 for optimum-doped La 2−x Ce x CuO 4 [46] . This common feature observed in different families of superconductors strongly suggests that the linear-T resistivity of NFCA is also caused by spin fluctuation. The linear-T resistivity and the existence of a quantum critical point at the optimal doping for Na 1−δ FeAs or NFCA have also been proposed [10, 14] .
Furthermore, in addition to the behavior of linear-T resistivity, the strong temperature dependence of the Hall coefficient R H of the HTS cuprates or pnictides has been considered to be one of the most peculiar properties of the unusual normal state [9, 49, 50] . Indeed a marked temperature dependence of R H for NFCA with x = 0.022 and 0.0205 can be observed as shown in figure 5(b) . The negative sign of R H indicates that electrons are responsible for the dominant contribution to the electric transport, which leads to expectation that the variation of Hall number n H = 1/(eR H ) is governed by the temperature-dependent concentration of electrons. A linear-T-like |n H (T)| for NFCA with x = 0.022 and 0.0205 can be observed at temperatures below 150 K as shown in figure 5(c) . In figure 5 (a) we also note that there is a little difference between the two ρ xx (T) plots but the basic features are very similar, as well as the characteristic temperatures for the two samples with near compositions. It has been proposed that due to softness of the pnictide materials, the cracks induced during their cutting and shaping into transport samples will affect the effective geometric factors of the sample, as discussed fully by Tanatar et al [51] . Thus it can be assumed that cracks or exfoliations internal to the sample are responsible for the resistivity difference. However this problem does not influence any behavior discussed here.
So far, it has been found that these normal-state properties of NFCA, including the linear-T resistivity, [9, 46, 49] or other pnictides [48, 50] , and can be regarded as an anomalous feature in comparison with conventional metals. In fact, R H itself is complex and many different explanations have been proposed for the anomalous normal-state Hall effect observed in HTS cuprates. A widely known approach proposed by Anderson [52] argues that the system has non-Fermi-liquid (Luttinger liquid) properties, and the temperature dependence of R H (T) could be better understood in terms of two apparently decoupled scattering rates with the spin-charge separation scenario. Anderson revealed the clue to perceiving the normal-state Hall anomaly by distinguishing between the transport scattering rate, 1/τ tr (varies linearly with temperature), and Hall relaxation rate, 1/τ H (a T 2 process), for the carrier motion. The theory particularly predicts the T 2 behavior of the cotangent of the Hall angle, cot θ H ≡ ρ xx /ρ xy , and has been applied to the dc and ac Hall effects in high-T c superconductors [53] [54] [55] .
In figure 6 (a) we plot cot θ H versus T 2 for NFCA with x = 0.022 and 0.0205 measured in the field of 6 T. As can be seen, the data almost fall on a straight line in the temperature range below ∼170 K, and can be fitted to the equation of − cot θ H = T 2 + C with the parameters and C of 34.1 (54.6) mK −2 and 53.8 (178.7) for NFCA with x = 0.022 (0.0205). The values of and C are slightly larger than those observed in HTS cuprates [53] and Ba(Fe 1−x Co x ) 2 As single crystals [18] . Another theoretical approach, the so-called nearly antiferromagnetic Fermi liquid (NAFL) theory [56, 57] , argues that the system is still a Fermi liquid, relying on an anisotropic reconstruction of the Fermi surface in the presence of magnetic spin fluctuation. In the NAFL model the transport properties are governed by only one scattering rate, 1/τ , which is strongly dependent on the position on the Fermi surface of the quasiparticles in the well-established Fermi liquid state. In addition, a transport theory involving resistivity and the Hall coefficient on the basis of the microscopic Fermi liquid theory has been developed by considering the current vertex correction (CVC). This theory also supports the idea that HTS cuprates are still Fermi liquids with strong antiferromagnetic fluctuations [49] . The Fermi liquid descriptions seem to account for a wide doping range in HTS cuprates [49, 57] . In addition to these mentioned theoretical schemes, many approaches, such as the anisotropic marginal Fermi liquid (MFL) model [58, 59] , the two-band scenario associated with the Coulomb interaction in excitons [60] , and the model of coexisting holes and electrons with different effective mass [61] , have been proposed for the anomalous transport phenomena in HTS cuprates as described in some review articles [9, 49] . All these developed theories try to succeed in reproducing various non-Fermi-liquid-like behaviors in the normal state of HTS cuprates. Moreover, another pronounced non-Fermi-liquid characteristic is the modified Kohler scaling which relates the magnetoresistance with the resistivity and Hall angle [9, 62] . In conventional metals, the magnetoresistance ρ(H)/ρ xx (0) ≡ [ρ xx (H)−ρ xx (0)]/ρ xx (0) due to an orbital motion of carriers can be scaled as a function of the term H/ρ xx (0), being regarded as following Kohler's scaling rule. However, it has been demonstrated that this scaling clearly breaks down in cases of optimum-doped YBCO, La 2−x Sr x CuO 4 , and BaFe 2 (As 1−x P x ) 2 [62, 63] . It has been shown that the ρ/ρ xx can be fitted to be proportional to the term [H/ρ xx (0)] 2 with a slope that is temperature dependent, which is a violation of Kohler's scaling, and may be scaled by the square of the Hall angle as ρ(H)/ρ xx (0) ∝ tan 2 θ H (modified Kohler rule) in these optimally doped systems. To examine this relation, in figure 6(b) we plot the ρ/ρ xx (0) as a function of [µ 0 H/ρ xx (0)] 2 for NFCA with x = 0.022 and 0.0205 at temperatures ranging from 28 to 36 K, a temperature region which is far below the estimated Debye temperature and well above T c within the linear-T resistivity region, where the resistances due to the electron-phonon interaction, superconducting fluctuation, and flux motion can be neglected. The inset of figure 6(b) shows the corresponding data of ρ/ρ xx against tan 2 θ H . As shown here, a linear-like dependence can be observed both in the ρ/ρ xx versus [H/ρ xx (0)] 2 and ρ/ρ xx versus tan 2 θ H plots. As seen in figure 6(b) , however, the data at different temperatures show distinctly different curves whereas the curves of ρ/ρ xx versus tan 2 θ H plots seemingly coincide, indicating that the transport properties of the nearly optimum-doping NFCA also obey the modified Kohler rule. The violation of Kohler's rule in cuprates may be understood in terms of the non-Fermi-liquid scenario of two transport relaxation times [64] , Lorentz force with MFL inelastic scattering rates [65] , the anisotropic MFL model [59] , or within the standard Fermi liquid theory by considering the CVC due to strong antiferromagnetic fluctuation [44] . Even though various explanations have advanced for these transverse transport anomalies in HTS cuprates or iron pnictide superconductors as we have noted, however, most theories agree that the longitudinal transport properties originate from the spin fluctuation regardless of the non-Fermi-liquid or Fermi liquid ground state taken into account in various systems [49, 50, 52, 56] . So far we can see that the new-type superconducting NFCA samples with nearly optimum doping reveal many transport properties closely resembling those of optimally doped HTS cuprates. All the characteristics of linear-T resistivity, T 2 -dependent cot θ H , linear-T-like |n H (T)|, and the behavior of the modified Kohler scaling rule should be simultaneously taken into account when developing theory. Recently a theory [50] has been presented to explain the unconventional Hall effect in pnictides by considering a multiband system with dominant interband interaction via spin fluctuation exchange. This theory can reproduce the main features observed experimentally, but it lacks the ability to explain magnetoresistance, which can be scaled by the modified Kohler rule, for optimum-doped HTS or iron-based superconductors. Here we do not attempt to clarify the correctness of theories and leave room for a variety of interpretations for transverse transport anomalies.
Summary
In summary, the longitudinal and Hall resistivities of superconducting NFCA single crystals with x = 0.022 and 0.0205 in the mixed state and in the normal state were investigated. The resistivities under magnetic fields show thermally activated behavior, and a power law magnetic field dependence of activation energy, U ∝ H −α with α = 0.23-0.42, has been obtained. The values of U, ranging from 600 K (H = 6 T) to 3000 K (H = 0.25 T), are approximately one order of magnitude smaller than those of several 10 4 K for HTS cuprates. Due to the weak flux pinning, no sign reversal of Hall resistivities is observed in NFCA with either x = 0.022 or 0.0205. The correlation between mixed-state longitudinal and Hall resistivities shows the scaling behavior of |ρ xy | ∝ (ρ xx ) β with the exponent β ≈ 2.0, which is in agreement with theoretical predictions for weak-pinning superconductors. The anisotropic upper critical fields, coherence lengths, and the anisotropy ratio are deduced, where an anisotropy ratio γ = ξ ab /ξ c = H c2,ab /H c2,c ≈ 1.63 is obtained for the NFCA sample with x = 0.205. Furthermore, the normal-state transport properties show that the anomalies of the linear-T resistivity, the T 2 -dependent cotangent of the Hall angle, the linear-T-like |n H (T)|, and the magnetoresistance which can be scaled by the modified Kohler rule are analogous to those observed on the optimally doped HTS cuprates and other pnictides. The longitudinal resistivity can be understood within a widely accepted scenario of spin density-wave quantum critical point with strong magnetic spin fluctuation for nearly optimum-doped NFCA. The transverse resistivity requires some further explanations, in which all transport anomalies should be simultaneously taken into account.
